PURPOSE. AMD is the leading cause of blindness in the United States. The role of secondary inflammatory disease on AMD progression is largely unknown. Here we investigate the association between AMD and rheumatoid arthritis (RA), using MarketScan data for patients aged ‡65 years on Medicare.
A MD is the leading cause of blindness among individuals older than 50 in the United States. Currently, an estimated 2 million Americans are believed to suffer from this disease. 1 AMD is a disease affecting the macula, the area of retina needed for central vision, and consists of two types, wet (neovascular or exudative) AMD and dry (atrophic, nonexudative). Wet AMD is characterized by abnormal blood vessel growth or choroidal neovascularization, whereas dry AMD is characterized by retinal atrophy. 2 Rheumatoid arthritis (RA) is also a disease that typically presents itself in mature individuals, with early onset between the ages of 40 and 60 years. Although this disease results in inflammation of the joints, it shares many similarities with AMD. Both AMD and RA are inflammatory diseases and share risk factors that include age, smoking, obesity, family history, and sex. [3] [4] [5] [6] In addition, both diseases are regulated in part by the complement pathway of the immune response (as reviewed in Refs. 7 and 8) . The complement system can be initiated through three separate pathways: the classical, the lectin, or the alternative pathway. As with AMD, both the classical and the alternative pathway have been found to play a role in complement activation in RA. 9 In AMD, single nucleotide polymorphisms for the complement genes, including Complement Factor H (CFH), 10 Complement Factor B (CFB), 11 Complement Factor I (CFI), 12 and C3 13 have been identified. In addition, both C3 and C5 have been identified in drusen, 14 and alterations in expression and localization of CD59 are observed in ocular tissues associated with AMD. 15 Similarly, complement components C2, C3, C4, and C5 have been identified in rheumatoid synovial tissue. 16 Increased mRNA expression of C3, CFB, factor D, CFH, CFI, S-protein, C5, C6, C7, C9, and CD59, 17 as well as C3a and C5a receptor mRNA is found in synovial tissues in the presence of RA, as well. 18 Several complement cleavage products also have been identified in synovial fluid, including Bb, SC5b-9, C3a, C3c, C5a, and C1-C1INH complexes. [19] [20] [21] [22] In addition to the complement pathway, both AMD and RA are regulated in part by similar inflammatory cytokines. One of these cytokines is TNF-a. TNFa acts as a proinflammatory cytokine that is produced by macrophages and T cells. 23 As a powerful proinflammatory cytokine, TNF-a has been targeted in RA [24] [25] [26] [27] [28] as well as neovascular AMD therapies, 29 and recent findings have supported interactions between TNF-a and the complement system. 30, 31 Biologics targeting TNF-a, such as infliximab, adalimumab, and etanercept, are currently approved treatments for RA by the US Food and Drug Administration. A case report of a neovascular AMD patient found systemic treatment with adalimumab to be a beneficial combination with anti-VEGF treatment. 29 However, systemic infusion of infliximab (Remicade) demonstrated no benefit to neovascular AMD in a noncontrolled trial. 32 These studies indicate the need for further examination on the role of TNF-a inhibitor biologics used to treat RA on AMD progression.
Although similarities between AMD and RA have been identified, much is still unknown about the pathogenesis for these diseases. Likewise, the effect of a preexisting inflammatory disease on AMD is yet to be determined. In a report published by McGeer and Sibley, 33 RA patients were believed to be spared from unspecified AMD. These results were disputed in a recent study by Keenan and colleagues 34 in which patients with osteoarthritis or RA were observed to have an increased risk for AMD among patients undergoing anti-VEGF treatment.
In this study, we provide further evidence of a correlation between RA and AMD through use of retrospective data from the MarketScan medical billing record database for Medicare patients. In addition, we examine the potential correlation between RA and the two types of AMD, wet and dry. As TNF-a inhibitors are currently used as therapeutic treatment for RA; we also investigate the effect of specific biologics on the risk of AMD.
METHODS

Cohort Identification
The MarketScan Commercial Claims and Encounters Database (2010-2014) was analyzed to determine the odds of having AMD in the presence of RA. Subjects were identified within the Medicare population, and therefore were selected to be 64 years or older. Patients were chosen with at least two records of the ICD-9 (International Classification of Diseases, Ninth Revision) diagnosis code of 714.0 for RA, and insurance coverage for a minimum of 365 days was extracted for 2010. RA subjects were matched to subjects with no RA selected from the remaining population. Records for RA cases and controls were examined for 2010 to 2014 to identify AMD diagnoses using ICD-9 codes 362.5 (unspecified macular degeneration), 362.51 (dry AMD), and 362.52 (wet AMD). Subjects with a cancer diagnosis or a diagnosis of late effects of stroke were excluded from the groups to avoid early censoring due to death.
To measure the risk of AMD in RA subjects receiving TNF-a inhibitor monoclonal antibodies (MABs; infliximab, infliximabdyyb, adalimubab, adalimumab-atto, certolizumab pegol, golimubab, entanercept, and etanercept-szzs), all pharmacy billing records were by therapeutic name and an MAB use indicator variable was constructed.
Baseline Patient Characteristics
Data from a baseline period of 6 months was used to construct measures of 24 chronic conditions treated in outpatient settings for all records using the Elixhouser method. 35 Admission and comorbid conditions recorded in hospital discharge records were measured using the Charlson comorbidity score. 36 To measure incident AMD cases during the follow-up study time, all subjects with a diagnosis code of AMD during the 6-month baseline period also were excluded. RA and control group subjects were matched using propensity scoring with a greedy algorithm. The propensity score model used 33 baseline variables to predict a member of the population being diagnosed with RA (see Supplementary Table  S1 for baseline distribution of demographic and morbidity measure). The baseline matching conditions included age, sex, region, any hospital admission, Charlson comorbidity score from the hospital discharge records, and recorded outpatient diagnoses in the Elixhouser score (asthma; cardiac dysrhythmias; chronic obstructive pulmonary disease; conduction disorders of the heart; congestive heart failure; cystic fibrosis; diabetes with chronic complications; diabetes without chronic complications; diverticulosis and diverticulitis; epilepsy; heart valve disorders; hepatitis; HIV infection; hypertension; multiple sclerosis; otitis media; Parkinson's disease; peri-, endo-, and myocarditis; pulmonary heart disease; schizophrenia; senility; systemic lupus erythematosus; vertigo). Data for the matched cohorts were examined for up to 4.5 years following the 6-month baseline period (5 years total).
Survival Analysis
Survival analysis was used to show differences in time until AMD diagnosis among RA and control patients using the LIFETEST procedure. A period of 4.5 years (from July 1, 2010, to December 31, 2014) was used for this analysis, with the baseline period of the first 6 months excluded (January 1, 2010, to June 30, 2010) to rule out the possibility of measuring preexisting AMD diagnosis.
Statistical Analysis
Data on the matched RA and control population were analyzed using multivariable logistic and Cox regression. We compared the odds of having an AMD diagnosis during the follow-up time (controlling for days in study) and the proportional hazard rates of having an AMD diagnosis in the absence and presence of RA. The multivariable models controlled for any baseline differences in demographics, Charlson score, or Elixhouser diagnoses, which differed between groups after matching. All models included subject characteristics, and the logistic models included time in the study. Risk of AMD in RA patients receiving TNF-a inhibitor treatment was compared with unspecified AMD risk in the nontreatment group and multivariable logistic regression was applied. Survival curves were used to show the differences in days until the first AMD diagnosis between patients with RA and those without RA (control).
RESULTS
Study Population
A total of 74,346 patients age 64 or older were identified with RA within the MarketScan database during the study period of January 1, 2010, to December 31, 2010 . Patients who did not show RA coverage during the first year of coverage (2010) were excluded, leaving 37,252 patients identified with RA, and 37,094 patients were used to match for non-RA controls (Fig. 1) . Mean age of patients within the control group was 73.70 (67.343) years, and average age of patients with RA was 73.62 (66.806) years. A higher percentage of female patients to male patients was observed in both RA patients (73.95% female) and the matched control (75.38% female) population (Table 1) . Geographic regions of patients (northeast, north central, south, and west) were divided fairly evenly with the highest percentage of patients gathered from the north central region for both RA patients (30.44%) and control patients without RA (31.12%).
Association of AMD Diagnosis Among RA Patients
Unspecified AMD diagnosis was increased in the presence of RA (5818 patients) versus control with AMD (3283 patients). Analysis by specific AMD type indicated that a greater amount of dry AMD was observed in RA patients (5294; 90.99%) compared with control patients with no RA (2728; 83.09%). The number of wet AMD subjects was evenly matched between RA patients (524 patients; 16.91%) and patients with no RA (555 patients; 9.01%). Statistical analysis of these data revealed a 2.076 odds ratio (95% confidence interval 1.981-2.176) risk for AMD in RA patients with a significant increase in dry AMD patients (P < 0.0001). Risk of wet AMD was not significant, with an odds ratio of 0.978 (95% CI 0.610-1.348; P ¼ 0.9129). The Cox model showed a hazard ratio of 1.928 (P 0.0001) for RA patients compared with controls in the fully adjusted model. The incidence of AMD also was observed more frequently in women with an odds ratio of 1.107 (95% CI 1.048-1.169; P 0.001; Table 2 ).
Survival Analysis
Because RA is a systemic inflammatory disease typically diagnosed before AMD, we decided to analyze whether or not the presence of RA would increase the likelihood of an AMD diagnosis. Of the 37,252 patients with RA, 5818 patients with a diagnosis of cancer or late effects of stroke were removed, with 31,434 remaining. Another 3288 patients were removed from the control group, leaving 33,885 patients. Here we observed a significant decrease in the number of days until AMD diagnosis in patients with RA (P < 0.0001; Fig. 2 ).
Effect of RA Treatment on AMD Diagnosis
TNF-a is found to be upregulated in RA, 23 as well as play a role in the inflammatory response in the eye. 37 However, although clinical outcomes for TNF-a inhibitors for the treatment of wet AMD have been variable, [38] [39] [40] [41] [42] they have not yet been studied in the context of dry AMD. Therefore, we sought to examine the effect of TNF-a inhibitor MABs within the RA group. The risk of AMD diagnosis for RA patients receiving any of the TNF-a inhibitor monoclonal antibodies (infliximab, infliximab-dyyb, adalimubab, adalimumab-atto, certolizumab pegol, golimubab, entanercept, etanercept-szzs) were compared with the control population. Similar to the RA population as a whole, statistical analysis revealed a significant increase in unspecified AMD in RA patients receiving treatment (n ¼ 9101; P < 0.0001), with a 2.097 odds ratio (95% CI 1.923-2.286) for unspecified AMD (including dry AMD). This increased risk is identical to that of the entire RA population, and therefore does not suggest a change in risk for AMD in the presence of MAB therapy. In addition, risk of wet AMD was not altered in RA patients receiving TNF-a inhibitor treatment (n ¼ 1079; P ¼ 0.9129; Table 3 ).
DISCUSSION
Autoimmune diseases such as RA affect 1.3 million Americans alone, with numbers expected to dramatically increase by the year 2040. 43, 44 This inflammatory disease has no cure, and like many autoimmune diseases, is found to be diagnosed 2.4 to 4.1 times more often in female than male individuals. 45, 46 Although RA is a chronic inflammatory disease, affecting the joints, it shares many common risk factors, and overlap in immune response with AMD. As a systemic disease with early onset between 40 and 60 years of age, we question whether prolonged activation of commonly shared immune pathways, such as the complement cascade, would put patients at a greater risk of developing AMD, a disease typically diagnosed in individuals older than 60. Previous studies have shown conflicting results when analyzing the relationship between RA and AMD. 33, 47 In a previously published study by McGeer and Sibley, 33 it was proposed that RA patients do not suffer from AMD due to their long-term use of anti-inflammatory drugs. However, in addition to using a small sample size, this study omitted important controls such as a prevalence survey of AMD, as well as potential bias in reporting of AMD cases.
Using the MarketScan database, we were able to use a much larger dataset to further examine the evidence of a role of a secondary inflammatory disease in AMD pathogenesis. Here we report that risk of dry AMD diagnosis is increased in patients with RA compared with a matched control group. Using ICD-9 codes, our results provide further analysis of specific AMD type, wet and dry, and its increased risk with RA diagnosis. As dry AMD makes up approximately 90% of all AMD cases, it is no surprise that both RA and control groups observed a respective 90.99% and 83.09% of the dry AMD cases as well. However, although the number of wet AMD patients detected among both RA and control groups remained similar (n ¼ 524 RA group; n ¼ 555 control), more dry AMD patients were detected in the RA group (n ¼ 5294) compared with control (n ¼ 2728). Using the MarketScan database, we also demonstrated that after matching the numbers of female patients for both RA (n ¼ 27,548) and matched controls (n ¼ 27,960), and correcting for sex, an increased risk for AMD was observed among female RA patients.
As use of anti-TNF-a biologics are commonly used in treatment of RA, we examined their potential role on AMD diagnosis. TNF-a is a powerful proinflammatory cytokine, therefore anti-TNF-a agents are used as treatments for RA, [26] [27] [28] and are being investigated as potential therapies for the treatment of wet AMD. 29, 48 Interestingly, the complement system, which is activated in both RA and AMD, is also found to be modulated by TNF-a. 30, 31 In synovial fluids from RA patients, TNF-a levels are increased and correlate with the complement activation markers of C3a, SCSb-9, and Bb. 49 Conversely, use of anti-TNF-a agents demonstrated a decrease of C1q-C4 complexes in RA patients, 50 as well as a decrease in C3b and C4b. 51 Due to the role of complement and TNF-a in both RA and AMD, we examined the effect of patients receiving the commonly prescribed anti-TNF-a inhibitors infliximab, adalimubab, certolizumab, golimumab, and entanercept on risk of AMD diagnosis. As anti-TNF-a agents are able to decrease complement levels, and reduce the number of 
Days to AMD diagnosis for RA patients versus control. Using the LIFETEST procedure, survival analysis of AMD diagnosis among RA (blue) and control (red) patients was determined over a 5-year period. The baseline period of 6 months was excluded to ensure RA diagnosis proceeded AMD diagnosis. ***P < 0.0001 of RA compared with control.
inflammatory cells at site of inflammation, we might expect that a decreased risk of AMD diagnosis would be observed in RA patients receiving these biologics. However, we observed the same increased risk of AMD diagnosis for RA patients taking these biologics when compared with the entire RA population. One reason for this may be due to increased RA severity among patients prescribed TNF-a inhibitor treatments. Although not within the scope of this study, RA severity is likely to play a role in AMD risk. Another potential reason for a lack of observed difference among those prescribed MABs may be due to individual efficacy of anti-TNF-a biologics for specific disease. Although entanercept is effective for treating RA, it is not for the treatment of diseases such as Crohn's disease 52 or uveitis. 53, 54 In addition, a recent study by Jin et al. 55 found that patients with commercial insurance compared with Medicaid were 87% more likely to initiate biologic diseasemodifying RA drugs. The lower percentage of Medicaid patients receiving biologics was further decreased in African American patients. 55 As our study was conducted using MarketScan data from the Medicare population, the patients in our cohort also may be less likely to engage or maintain prolonged anti-TNF-a therapy sufficient to provide a therapeutic effect. In addition, to effectively treat RA, medications are frequently changed over the course of many years, and medication dosage may be increased in response to RA flareups. Although this study analyzed commonly prescribed TNF-a inhibitors, it did not take into account the use of nonsteroidal anti-inflammatory drugs, steroids, and various disease-modifying anti-rheumatic drugs that may have been taken in combination during or before our analysis. Age of RA onset is also not accounted for in this study, and data indicate that earlier onset of RA is linked to disease severity. 56 Finally, anti-TNF-a agents might be effective only in wet AMD, a population too small among our RA patients to identify a potential treatment effect.
Last, in this study we demonstrated that RA diagnosis leads to a significantly earlier time of AMD diagnosis. This information may prove to be very important in RA patient care, as RA patients may need to be proactive in receiving regular eye examinations to monitor early signs of AMD.
Taken together, these data provide further evidence of a role for systemic inflammation in diseases such as AMD. RA patients were found to be at significant increased risk for dry AMD using the MarketScan database. Use of the MarketScan database allowed for the analysis of retrospective patient data from a large data set. However, the use of insurance claim databases, such as with Medicare, is not without its limitations. Use of insurance databases does not account for those suffering from disease without insurance coverage. The coding patterns of clinical professionals for diagnosis codes may be different among individuals, and disease diagnosis may vary or be altogether missed. 57 In addition, clinical outcome and severity of disease are typically not reported through use of diagnosis codes. Use of the new ICD-10 codes, implemented in October 2015, should, however, provide information that is more detailed for future analysis. In the case of AMD, these updated codes can be used to identify different stages of AMD as well as the eye affected. As smoking is a major risk factor for both RA and AMD, we hope to complete future analysis of the associated risk of RA and AMD within the smoking population. Using either individual patient data or improved ICD-10 codes, these studies would incorporate smoking history including smoking dependence or smoker remission. For future analysis we also aim to include patient use of hydroxychloroquine, a treatment used for autoimmune conditions and capable of leading to retinal toxicity at higher dose concentrations. However, insurance claim databases at this time do not generally include dosage frequency, and inconsistencies in ICD-9 coding for hydroxychloroquine retinal toxicity have been observed. 58 Despite the current limitations in health claim analysis, our analyses provide compelling data on the association between RA and dry AMD diagnosis. This finding suggests a potential need for proactive AMD screenings among RA patients. Following further investigation, nutritional supplementation used for the treatment of AMD, such as those provided by the Age-related Eye Disease Study, also may prove to be beneficial in preventive care for RA patients. Forthcoming analysis on the role of smoking on increased RA and AMD disease risk could also impact cessation counseling among dependent smokers. Last, further studies using individual patient data must be performed to determine the role, if any, that anti-TNF-a agents play in risk of AMD. † When compared with unspecified AMD risk in the nontreated group, no significant difference was observed.
